and promote viral replication. Here, we analyzed the role of the nuclear import factor importin-7 27 in H1N1 influenza virus pulmonary tropism using various ex vivo imaging techniques (magnetic 28 resonance imaging, confocal laser-scanning microscopy and correlative light-electron 29 microscopy). We infected importin-7 gene deficient mice ( 7 -/-) with a recombinant H1N1 30 influenza virus and assessed in vivo viral kinetics in comparison to wild type (WT) mice.
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25
Influenza A viruses recruit components of the nuclear import pathway to enter host cell nucleus 26 and promote viral replication. Here, we analyzed the role of the nuclear import factor importin-7 27 in H1N1 influenza virus pulmonary tropism using various ex vivo imaging techniques (magnetic 28 resonance imaging, confocal laser-scanning microscopy and correlative light-electron 29 microscopy). We infected importin-7 gene deficient mice ( 7 -/-) with a recombinant H1N1 30 influenza virus and assessed in vivo viral kinetics in comparison to wild type (WT) mice.
31
In WT mice, influenza virus replication occurred in bronchial and alveolar epithelium already a 32 few days after infection. Accordingly, extensive mononuclear infiltration and alveolar destruction 33 was present in lungs of infected WT mice followed by 100% lethality. Conversely, in 7 -/-mice, WT and 7 -/-mice. However, cytokine and chemokine responses were generally elevated in WT 40 mice likely reflective of increased viral replication in the lung.
41
In summary, these data show that a cellular factor, importin-7, is required for enhanced virus approximately three times more virulence compared to 7 -/-mice ( Fig. 1A and 1B ; Table 1 ).
245
Analysis of viral lung titers showed similar virus replication properties between WT and 7 -/-246 mice on day 3 p.i., but reduced virus titers in 7 -/-mice on day 6 p.i. (Fig. 1C ).
247
These findings confirm and extend previous reports (5, 6) showing that importin-7 is required 248 for enhanced H1N1 influenza virus replication and pathogenicity in mice. 2).
268
These findings show that importin-7 is required for enhanced virus replication in alveolar cells 269 of the respiratory tract. Here, we only show the analytes that revealed significant differences between WT and 7 -/-mice 324 upon influenza virus infection. In general, chemokine and cytokine levels were considerably 325 more elevated during the course of infection in WT than in 7 -/-mice (Fig. 6 ). The only cytokines 326 which showed an exception hereof were IL-9 and IL-12 with higher levels in 7 -/-than WT mice 327 throughout the infection course ( Fig. 6H and I ).
328
These data suggest that the presence of importin-7 generally correlates with elevated cytokine 329 and chemokine responses in the lung. In order to identify infected immune cell subsets, which could potentially contribute to reduced 333 cytokine and chemokine responses in 7 -/-infected mice, we quantified the cellular immune sub-populations in the lung upon infection with PR8:NS1-GFP on day 3 p.i. by multicolor flow 335 cytometry ( Fig. 7 and 8) .
336
In general, the distribution of immune cell populations in the lung was similar in uninfected WT clearance.
364
Therefore, we isolated primary macrophages from naive WT and 7 -/-mice using two methods:
365
BAL, in order to obtain alveolar macrophages as well as peritoneal lavage in order to obtain 366 interstitial macrophages (Table 2) . First, we infected these macrophages in vitro at a multiplicity 367 of infection of 1 (MOI = 1) and analyzed virus replication at different time points after infection 368 by plaque assay (Fig. 9A) . Although virus titers increased by approximately four times at 6 h p.i., replication was then analyzed 7 h later by plaque assay (Fig. 9B) Electron microscopical analysis further revealed that virus particles could be readily detected 427 budding from the bronchial but far less from the alveolar epithelium (Fig. 5 ). This suggests that 428 primary virus production most likely occurs in the bronchi of infected mice. Since our in vitro assays in primary alveolar macrophages did not reveal high level virus production, it seems that 430 at least these immune cells are not the primary contributors to virus production in the alveoli.
431
These findings suggest that virus production in bronchial epithelia, which is not affected in 7
-/-432 mice, is contributing but not sufficient to develop severe lung damage. This further highlights the 433 importance of alveolar virus infection and replication in lung destruction and enhanced virulence. (Fig. 6 ). In general, cytokine and chemokine levels were increased to 450 higher levels in infected WT than 7 -/-mice with the exception of IL-9 and IL-12. Since neither 451 virus replication in primary murine macrophages nor the cellular host immune response in 452 general was affected, this observation might be predominantly reflecting enhanced virus replication kinetics in epithelial cells. For IL-9 and IL-12, which were considerably elevated in 454 the lungs of 7 -/-mice, it was reported that they have protective functions in disease outcome.
455
Thus for IL-9, it was shown to play an important role in tissue repair after helminth-induced lung and 5 seems to lead to a generally reduced innate immune response. This is crucial for protective 467 disease outcome since hypercytokinemia is known to be detrimental for clinical outcome as 468 observed especially upon highly pathogenic avian influenza virus infections in humans (18).
470
We also analyzed a large variety of immune cell populations of the cellular immune response to 471 study whether these might be affected in importin-7 deficient mice and additionally contribute 472 to importin-7 mediated lung pathology. In uninfected 7 -/-control lungs, DCs and alveolar 473 macrophages showed slightly higher frequencies than in uninfected WT lungs (Fig. 7) . DCs are The distribution of cell components in bronchoalveolar (BAL) and peritoneal lavages isolated 628 from mice were assessed according to the gating strategy described in Figure 10 WT (black bars) or 7 -/-(red bars) mice were infected with 10 6 p.f.u. of PR8:NS1-GFP (n = 6).
699
Immune cell populations in lung homogenates (A-E) or BAL (F-E) were analyzed at day 3 p.i. 
